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The cross sections for the lightest neutral Higgs pair production at the one-loop level 



in photon-photon collisions are calculated in the Minimal Supersymmetric Standard 
Model(MSSM). We find that the contributions to the lightest Higgs boson pair produc- 



er tion cross sections arising from the genuine supersymmetric virtual particles dominate over 
that arising from the virtual particles in the two-Higgs-doublet model (2HDM) if there are 



mixing between the right- and left-handed stops, otherwise, the contributions from ones in 
the 2HDM are dominant. We present the detailed numerical results of the cross sections of 
the process e + e~ — > 77 — > hoho in both beamstrahlung and laser back scattering photon 
modes at the Next Linear Collider (NLC). The cross sections are typically in the range of 
10~ 3 fb to 10 5 /6 depending on the choice of the mass of the lightest neutral Higgs boson, 
tan j3 and photon collision modes, especially whether there are mixing between the stops. 
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I. INTRODUCTION 



The Higgs boson is the missing piece and also the least known one of the standard 
model(SM). Experimental data set a lower bound of 65.5GeV at the 95% confidence 
level (CL) Q. On the other hand, exploiting the sensitivity to the Higgs boson through quan- 
tum loops, a global fit to the latest electronweak precision data predicts = 149tg2 8 CeV^ 
together with a 95% CL upper bound at 550Ge^ in the SM 0. 

Beyond the SM, the most intensively studied class of the theories as a possible candidate 
for new physics is the supersymmetry(SUSY), especially the minimal supersymmetric ex- 
tension of the standard model(MSSM) |§ in which two Higgs doublets are necessary, giving 
masses separately to up- and down-type fermions and assuring cancellation of anomalies, 
which has the same Higgs sectors with the two-Higgs-doublet model (2HDM), i.e. so-called 
Model II, except the restrictions imposed by SUSY. In contrary to the SM in which there 
is just a single neutral Higgs boson, in the MSSM, there are three neutral and two charged 
Higgs bosons, ho, H, A and H of which ho and H are CP— even and A is CP— odd. The 
masses and coupling of these Higgs bosons are controlled by two parameters, e.g., tua and 
tan /3, at tree level. The upper bound for the mass [|j] for the lightest CP— even ho in MSSM 
is rriho < mz at tree level and mho < rriz + €(m t , fn) when including radiative corrections(m 
is the SUSY mass scale). The pursuit of the Higgs bosons predicted by the SM and the 
MSSM is one of the primary goals of the present and next generation of colliders. 

The main processes of the neutral Higgs boson production at the LEP2 and LHC are 
e + e~ — > Zho || and gg — > {ho,H,A) ||, respectively. However, the Next Linear Col- 
lider(NLC) operating at a center-of-mass energy of 500 — 2000GeV r with the luminosity of 
the order of 10 33 cm s -1 can also provide an ideal place to search for the Higgs boson, 
especially, it may produce a lightest neutral Higgs boson pair with an observable production 
rate, since the events would be much cleaner than in the LHC and the parameters of the 
Higgs boson would be easier to extracted. There are mainly two options for the photon 
sources at the NLC: laser back-scattering and beamstrahlung photons. These two kind of 
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photon sources are the options of turning the electron-positron collider into a laser photon 
collider with high energy and high luminosity which are expected to be comparable to that 
of the primary e + e~ collisions 

The primary mechanism of the neutral Higgs production in photon-photon collisions is 
77 — > (h ,H,A), but in order to study the triple and quadruple Higgs couplings at future 
high energy colliders, it is necessary to explore the Higgs boson pair production process. 
In the SM, the cross section for the neutral Higgs boson pair production in photon-photon 
collisions has been calculated by J.V. Jikia |§, and in the 2HDM, the process 77 — > HqHq 
has also been computed for a special case in Ref. ||10|| . In this paper, we present the complete 
calculations of the lightest neutral Higgs boson pair production cross section at one-loop level 
in the MSSM. In the MSSM, besides the loop diagrams arising from the SM and the 2HDM 
particles, there are also hundreds of additional loop diagrams arising from genuine SUSY 
particles, which make the calculations much more complicated than the case of the SM and 
the 2HDM. 

The structure of this paper is as follows. In Sec. II we give the analytical results in 
terms of the well-known standard notation of the one-loop integrals. In Sec. Ill we present 
some numerical examples with discussions. The tedious expressions of the form factors in 
the amplitude are summarized in Appendix A, B and C, respectively. 



II. CALCULATIONS 

The process of 

7 (pi, Ai) + 7(p2, A 2 ) — > h (h) + ho(k 2 ) (1) 

is forbidden at the tree level but it can be induced through one-loop diagrams which are 
shown in Fig.l-Fig.5 (all relevant cross diagrams are not explicitly shown), where Ai t 2 denote 
the helicities of photons. In the center-of-mass system(CMS) the momenta read in terms of 
the beam energy E of the incoming photons and the scattering angle 9 
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pt = E(l, 0,0,-1) 
^ = £7(1,0,0,1) 

= E(l, -PsinO, 0, -(3cos6) 
k% = E(l,f3sin6,0,pcos6) (2) 

where (3 = Jl — 4m| /s is the velocity of the Higgs in the CMS. We define the Mandelstam 
variables as 

s = (P1+P2) 2 = (h + k 2 ) 2 

i = ( Pl - h) 2 = ^ - k 2 f 

u = (pi - k 2 f = (pa - fcO 2 (3) 

In order to calculate polarization cross section, we introduce the explicit polarization 
vectors of the helicities(AiA 2 ) for photons as follows 

A 1 = ±l) = --^(0 J l,= F i,0) 
e£(p 2 ,A 2 = ±l) = -^(0,l,±i,0) (4) 

This choice of polarization vectors for the photons implies 

6^ = 0, (i,j = l,2) (5) 

and by the momentum conservation, 

EiM = -€i.k 2 , (i = 1,2). (6) 

We perform the calculation in the 't Hooft-Feynman gauge, the relevant Feynman rules 
can be found in Ref || . Because this process can only be induced through loop diagrams, we 
do not need to consider the renormalization at one-loop level, and the ultraviolet divergence 
should be canceled automatically if the calculation is right. The virtual particles which enter 
loops are the third family (top and bottom) quarks, W bosons, charged ghosts, charged 
Goldstone bosons, charged Higgs bosons, charginos, squarks and sleptons. As we will see 



below, the transversality to photon momentum has been obviously kept. In order to ensure 
the correctness of our calculations, as a check, we have compared our results with Ref. j9], 
and found that our results in the case of the SM are agreement with theirs. 

Because of the transversality of photons and our choices of the photons helicities, the 
general amplitude for the process 77 — > h Q h can be simply written as 

M = Miei.e 2 + M 2 e 1 .k 1 e 2 .k 1 + eps(ei, e 2 ,Pi,p 2 )M 3 (7) 

with 

eps(e 1 ,e 2 ,p 1 ,p 2 ) = W^ e i e 2>iP2 ; (8) 

where e^ vpa is the total anti-symmetry tensor, and the Mj(z = 1,2,3), which correspond to 
the factors of the ei.e 2 , ti.kie 2 .ki and eps(ei, e 2 ,pi,p 2 ), respectively, are given by 

M, = £ fP + (if + fP + /f 0) + /i U) ) [h ~k 2 ,u~ i] . (9) 
Here, the form factor represents the contributions arising from Feynman diagrams with 



the indices of j, and the f-^ ki <-> k 2 , u <-> £ 



stands for the contributions from the cross 



diagrams of the corresponding diagrams with the indices of j. Among these form factors, 

/ 2 (fc) = 0,for(A; = 3,4,5...9) (10) 

and 

/f = 0, for (k = 3, 4, 6, 7, 8... 12) (11) 

the explicit expressions of the other form factors are given in Appendix A, B and C, respec- 
tively. Note that the amplitude in Eqs. 7 does not have gauge-invariance due to dropping 
terms that vanish for our specific choice of polarization vectors. But we find that the ampli- 
tude has indeed the gauge-invariance after adding the dropping terms, which confirms again 
that our calculations are correct. 

The polarization cross section and the cross section of subprocess 77 — > h^ho are given 

by 



&(AiA 2 )= / — - 2 \M(X 1 X 2 )\ 2 dt, 



a 



tmax j _ _ 

, 32rfSIM| 2 *, (12) 

tmwi spins 



respectively, where the bar over the summation recalls average over initial spins, and 

f —i 2 _ —\ — ^£ 

imax = (m 2 h - i) + -j^. (13) 



The total cross section of e + e — > 77 — > hoho can be obtained by folding the a, the cross 
section of the subprocess 77 — > h h , with the photon luminosity 



a(s) = I dz ^—^- a(jj — > h h &t s = z 2 s), 

where yfs and vl is the CMS energy of e + e~ and 77 respectively and dL^/dz is the photon 
luminosity, defined as 

^ = 2Z jj_ -^-fj/e(x)f y/e (z 2 /x), 

x max 

f y / e (x) is the photon structure function of the electron beam JII|. For a TeV collider with 



&x/&y — 25.5, the beamstrahlung photon structure function can be represented as 

fy/e(x) ~- 



for x > 0.84, 

where x is the relative momentum of the radiated photon and the parent electron. 

If we operate NLC as a mother machine of photon-photon collider in Compton back- 
scattering photon fusion mode with unpolarization initial electrons and laser, the energy 
spectrum of the photons is given by 



ihf( l - x + Th-^ + ^¥) for x < 0.83, x 4 = 2(1 + v ^), 



for x > 0.83. 
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III. NUMERICAL EXAMPLES AND CONCLUSIONS 



In the following we present some numerical results of a lightest neutral Higgs boson pair 
production cross section in the process of e + e~ — » 77 — >• hoho- in our numerical calculations, 
for the SM parameters, we choose m w = 80.33GeV, m z = 91.187(^6^, m t = 176GeV, 
nib = 4:.5GeV and a = ^g. Other parameters are determined as follows 

(i) The Higgs boson masses m^o, uih, rriA and m H ± are given by [|ll[ 



m 



ho 



m 2 A + m 2 + e— 



\/ (m^ + m 2 + e) 2 — 4m 2 4 m 2 cos 2 2/3 — 4e(m A sin 2 (3 + m 2 z cos 2 f3) 



(14) 



(15) 



and 



2 2 1 2 

m H± =m A + m w 



(16) 



with 



4 log 1 + 



(17) 



~~ \/27r 2 sin 2 /3 

Here we take mj = tUq = = m^, the definitions of which are given below. The mixing 
angle a is fixed by tan/3 and the Higgs boson mass tua, 



tan 2a = tan 2(3 



m 2 A + m 2 



— m 2 + e/cos2/3' 



(18) 



where — | < a < 0. 



(ii) In the MSSM the mass eigenstates q\ and q\ of the squarks are related to the current 
eigenstates qi and qn by 



R q 



(a \ 



with R« 



^ cos 6q sin 9q ^ 



— sin 6q cos #g 



(19) 



For the squarks, the mixing angle 9q and the masses 2 can be calculated by diagonizing 
the following mass matrices || 



Mi 

q 



M 2 LL 



i m q M RL 



m q M LR 
M 2 RR ) 



M ll =m 2 Q + m 2 g + m 2 z cos 2/?(J g 3L - e 9 sin 2 6 W ), 
rr?jj ^ + m 2 + rn 2 cos 2(3e q sin 2 6* w , 
A t — /i cot /3 (g = i) 



M, 



M, 



A 6 — /itan/3 (q = b), 



(20) 



where mj~, tti 2 ^ are soft SUSY breaking mass terms of the left- and right-handed squark, 
respectively. Also, /i is the coefficient of the HiH 2 mixing term in the superpotential, A t 
and Ab are the coefficient of the dimension-three trilinear soft SUSY-breaking term. I q L ,e q 
are the weak isospin and electric charge of the squark q. From Eqs. [B5] and |2D 
can be derived as 



, m {l2 and % 



m 



f 1.12 



tan 0z 



I 

2 

2 



Kl + M 2 RR =F J(Ml L - M RR f + AmjMl R 



M 2 LL 



(21) 



m t M LR 

Because of the small mass of the bottom quark, we will neglect the mixing between left- and 
right-sbottoms, thus 9~ b = 0. Similarly, we will neglect the mixing in the other light squarks. 
For simplicity, we shall assume the masses of all the light squarks (the superpartners of 
the first and the second family quarks) and all the sleptons (the superpartners of the three 
family leptons) are degenerate. For simplicity, we don't show here the explicit expressions 
of the masses of mass-eigenstates of the sbottoms and the sleptons, which can be found in 
Ref. 0. In our numerical calculations, we choose mj~ = mj~ = m 2 ^ = (ITeV) 2 . 

(iii) For the parameters M, tan/3 and /i in the chargino matrix [^], we put M = lOOGeV 
and n = — 300Ge\^ unless otherwise stated, and tan f3 remains a variable. 

Some typical numerical calculations of the cross sections of the processes 77 — > h h and 
e + e~ — > 77 — > hoho are given in Figure |6|-|10| and Figure pTT] - |T4| , respectively. 

Figure ^| shows the cross sections for the subprocess 77 — > hoho as a function of the Higgs 
boson mass m^o for the opposite photon helicities Ai = — A2 = 1 in the MSSM, assuming 
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tan/5 = 4 and \/I = 0.5, 1 and l.hTeV. In order to compare the contributions arising from 
different virtual particles, we also present the results of the cross section of the process in the 
2HDM, of which the parameters space used in our numerical calculations only is the subset 
of the general 2HDM (Model II), where there are the relations between the Higgs boson 
masses (Eqs. 14-16) required by the MSSM. The figure shows that the cross section can 
increase from several fb to the order of 10 4 /6 when rriho increases from QQGeV to 120GeV 
in the the mixing case of the stops. But it is only of the order of 10 _1 /6 in the no-mixing 
case of stops. The cross sections in the 2HDM are almost the same as that in the MSSM 
for no-mixing case. 

Figure [7| and Figure || give the cross section of the subprocess as a function of the niho 
for the equal photon helicities Ai = A2 = +1 and Ai = A2 = — 1, respectively. From Figure 
[7| and Figure one sees that the cross sections are smaller than that in the case of opposite 
photons helicities in the 2HDM and in the MSSM with the no-mixing case. And the cross 
sections for the mixing case of the stops are much larger than that for the no-mixing case 
of the stops and in the 2HDM. Figure |7| shows that the cross sections of the no-mixing case 
in the MSSM for the photon helicities Ai = A2 = +1 are almost the same as that in the 
2HDM, but Figure |8] shows the cross sections for the photon helicities Ai = A2 = — 1 are 
always bigger than that in the 2HDM. Such difference between the cross sections of the 
process for the photons helicities Ai = A2 = +1 and Ai = A2 = —1 is relative to the different 
contributions to the amplitude from the charginos. 

In Figure || and [L0], we present the cross sections of the subprocess 77 — > h h for the 
opposite and equal photon helicities as a function of the Higgs boson mass m^o, respectively, 
assuming tan/5 = 40. Because the difference between the cross sections of the process for 
the photons helicities Ai = A 2 = +1 and Ai = A 2 = —1 is negligibly small, we only present 
the results for the photons helicities Ai = A2 = +1. From Figure ^ we can see that the cross 
sections in the MSSM for the mixing case of stops are larger than that in the MSSM for 
the no-mixing case and in the 2HDM, especially for rriho > 90GeV, and the former can vary 
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from ~ lfb to 10 4 /6 when the Higgs mass is in the range of 60GeV to 130GeV, otherwise, 
the cross sections are only ~ 0.5/6 and insensitive to the Higgs boson mass. Figure [U] shows 
that the cross sections in the MSSM for the mixing case of stops are much larger than that in 
the MSSM for the no-mixing and in the 2HDM for ^ = 500GeV, while for V§ = lOOOGeV 
and lSOOGel^, the mixing effects of stops are only important for mho > 120GeV. 



Figure |y] and Figure [12| give the total cross section for the process e + e~ — > 77 — > h h 
as the function of the Higgs boson mass mho in beamstrahlung photon mode for tan (3 = 4 
and 40, respectively. From our calculations, we find that the contributions from the low 
energy cross section of the subprocess 77 — > hoho are very important. In general, the total 
cross sections in the MSSM are greater than that in the 2HDM. We can see from Figure 



lT| that the total cross sections in the mixing case of stops are greatly enhanced, which are 
greater than 10 4 fb for all the Higgs boson masses in the range of 60 to 120GeV. But the 
total cross sections in the no-mixing case of stops and in the 2HDM are smaller than lfb due 



to decoupling effects of the heavy squarks. From Figure [12], one sees that the cross sections 
for the mixing case of stops in the MSSM increase from order of 10/6 to order of 10 4 /6 with 
the increment of the mass of the Higgs boson, on the contrary, the total cross sections in 
the MSSM for the no-mixing case and in the 2HDM decrease. 



In Figure [LJ and Figure [L4|, we present the total cross sections of the process e + e~77 — > 
h h in laser back-scattering photons mode as function of the Higgs boson mass mho at e + e _ 
CMS energy 500, 1000 and 1500Ge^ for tan/3 = 4 and 40, respectively. The results given 



by these figures are similar to Figure [TT| and except that the total cross sections in the 
MSSM for the mixing case of stops decrease with increasing e + e~ CMS energy. 

To summarize, we have calculated the total cross sections of the process e + e~ — > 77 — > 
h h at one-loop level in the MSSM in both photon-photon collision mode of the laser back 
scattering and beamstrahlung. The results of numerical calculations for several typical pa- 
rameter values show that the contributions to the total cross sections arising from the virtual 
particles in 2HDM play an important role when there are not mixing between the stops, 
otherwise, the genuine supersymmetric contributions to the total cross sections dominate 
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over that arising from the ones in the 2HDM. The total cross sections of the process in 
the MSSM with the mixing case of the stops are much larger than that for the no-mixing 
case and in the 2HDM for both of tan/3 = 4 and 40. Note that our numerical calculations 
indicate that the total cross sections are insensitive to the parameter /i, and so we do not 
show the corresponding curves versus /i. We conclude that the total cross section of the 
process e + e~ — > 77 — > h h varies from 10~ 3 /6 to 10 5 /6 at e + e~ center-of-mass energy 
y/s = 500, 1000 and lSOOGeV, mainly depending on the choice of the mass of the lightest 
neutral Higgs boson, tan f3 and photon collision modes, especially whether there are mixing 
between the stops. 
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APPENDIX A 

In this paper, all form factors are decomposed to two parts of contributions from the 
virtual particles in the 2HDM and the genuine SUSY, in which the contributions from the 
2HDM include ones of the third generation quarks and the bosons in the SM as well as the 
additional bosons in the 2HDM. 

The form factor is given by 

r(l) n(l,2HDM) n(l,charginos) n(l,sfermions) fOO\ 

with 

r(l,2HDM) r(l,fermions) . p(l,bosons) /'OQA 

h — J 1 ' J 1 • y^ 6 ) 

Jjgj-g y(l ermions) j.(l,bosons) j.(l,charginos) j(l ,s f ermions) 
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r(l,fermions) _ 

h — 

e 2 q 2 m 2 cos( a) 2 csc(3) 2 r „ , 0x . 9 , . ^ Q 

\^2^2 — [ 25 o(0, ml m 2 ) + (m 2 h0 + Am 2 - t - 2u)C 9 

+ 2m 2 (s + 2t)Dl + (m 2 h0 - u)C\ + 2(m 2 + 4m 2 )(m 2 + t)D 7 + 2sC 9 2 

+ (m A h0 + 2m 2 J + 8m 2 t - tu)D 7 + Am 2 h0 (t + u)D 7 u 

+ 2(Am 2 h0 -s)(m 2 h0 + t)D 7 2 

+ (8m 4 h0 - 4m 2 h0 s + s 2 )D 7 3 + (m 2 h0 + t) 2 D 7 22 - 4C 9 + 4(-4m 2 + t + u)D 7 , 
24mt„n 2 



oo 



r(l, bosons) _ 
Jl — 

e 2 g 2 cos(a — f3)' 
32^2 



(-4C 6 + 2(-m 2 h0 + t)(-m 2 h0 + u)D 4 n 



+ 2(-m 2 h0 + t)(-t + u)D{ 2 + {-2m 4 m + 2m 2 J - t 2 + 2m 2 m u - u 2 )D{ 

- (-m 2 h0 + t) 2 D\ 2 + 2(37/4 + 2t + u)D 4 01 

+ 8(-4m 2 + s)D 5 001 + 2(7/4 + ^)D 4 002 - 8(m 2 h0 + t)D 5 002 ) 

+ 6 9 S ™^2~ ^ ( 2 (~ m lo + t)(-m 2 h0 + ujDl, + 2(-m 2 + t){-t + u)D\ 2 

+ {-2m 4 m + 2m 2 J - t 2 + 2m 2 m u - u 2 )D\ z 

- (-7/4 + t) 2 D\ 2 + 2(-13m 2 + 4s + 2t + u)Dl Q1 

2 2 

- 2(3m 2 + 2t)Dl Q2 ) + (C 1 (cos(a - P) 2 - 3 sin(a - /3) 2 ) 

2 2 

- Bb(0, m 2 , m 2 w ) + (t/4 - ^ - sCl) + ^^ 2 ( 
4Dq (— 2 cos 9 w m w sin(o; — (3) + m 2 cos(2/3) sin(o; + (3)) 2 

+ 2/^2 sin(o; — (3) (3 cos Q w m 2 h §m 2 w sm(a — /3) 

- cos d w m 2 h ^ sin(o; — /3) + cos 6 w m 2 w i sin(o; — /3) + cos ^t 2 sin(o; — /3) 
+ m 2 m m w m z cos(2/9) sin(o; + /3) — m w m z t cos(2/9) sin(o; + /3)) 

+ 2Z}} sin(a — /3) (6 cos Q w m 2 h Qm 2 w sin(o; — (3) — cos Q w m 2 w s sm(a — (3) 
+ cos ^t 2 sin(a — /3) + 2 cos d w m 2 w u sin(o; — 13) — cos ^t-u sin(o; — /3) 

- m w m z i cos(2/9) sin(o; + /3) + m w m z u cos(2/5) sin(o; + /3)) 
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+ 2(—m 2 h0 +t) cos(a — (3) D^i— (cos 9 w m 2 H ± cos(a — (3)) + cos9 w m 2 u cos(a — (3) 
+ cos^„,tcos(o; — (3) — m w m z sin(2/9) sin(o; + (3)) 

+ 2(— i + u) cos(a — (3)D\ (cos 9 w m 2 H ± cos(o; — f3) — cos ^ w m^, cos(a — /3) 

— cos cos(o; — (3) + rn w m z sin(2/9) sin(o; + 

— -Dq( cos ^w^i 2 h± cos(o; — f3) — cos 6> w m 2 cos(a — /3) 

— cos W £ cos(« — /5) + rn w m z sin(2/9) sin(a + /3)) 2 

+ Cg(— (cos^m^± cos(o; — /3) 2 ) — cos w m 2 ho cos(a — /3) 2 + cos 9 w m 2 u cos(o; — (3) 2 
+ 3 cos 9 w t cos(a — f3) 2 — cos cos(a — (3) 2 — cos 9 w m 2 sin(a; — /3) 2 
+ 3 cos 9 w m 2 w sin(o; — /3) 2 + 3 cos 9 w t sin(o; — (3) 2 — cos w w sin(o; — (3) 2 

— 2m w m z cos(2/3) sin(a — (3) sin(o; + (3) — 2m w m z cos(o; — (3) sin(2/3) sin(o; + (3)) 
+ Z?o (8 cos 6> 2 m 2 sin (a - /3) 2 + 48 cos 9 2 w m 2 w sin(a - (3) 2 - 17cos6> 2 t sin(a - /3) 2 

— 18 cos 9 2 w u sin(a — /3) 2 + 6 cos 9 w m w m z cos(2/9) sin(a — (3) sm.(a + (3) 
+ 4m 2 cos(2/3) 2 sin(a + (3) 2 ) + £>o(-16 cos 9 2 w m 2 h0 m 2 w sin(a - /3) 2 

— 4 cos # 2 m 2 s sm(a — /3) 2 + 10 cos 9 2 w vri 2 w i sin(a; — (3) 2 

— cos # 2 1 2 sin(o; - (3) 2 + 12 cos 9 2 v m 2 u u sin(o; - /3) 2 

— 2 cos 9 w rv? w m z cos(2/9) sin(o; — /3) sin(a; + (3) 
+ 2 cos 9 w m w m z i cos(2/5) sin(o; — /3) sin(o; + (3) 

— m 2 w m 2 z cos(2/?) 2 sin(a + (3) 2 ) + 4Z^ (-2 cos# 2 i cos(a - /3) 2 

— 2 cos # 2 -u cos(a: — (3) 2 — 2 cos 9 w m w m z cos(a — (3) 8111(2/3) sin(o; + (3) 

+ m 2 sin(2/3) 2 sin(a + (3) 2 ) + D^(cos9 2 w m 2 H ± cos(a - /3) 2 + 8 cos 6> 2 m^ cos(a - /9) 2 

— cos 9 2 w m 2 w cos(a - (3) 2 - 9 cos # 2 i cos(a - /3) 2 - 10 cos 9 2 w u cos(a - (3) 2 

— 2 cos 9 w m w m z cos(a - /3) sin(2/3) sin(a + (3) + 4m 2 sin(2/3) 2 sin(a + /3) 2 )) , (25) 

p{l,charginos) _ 
Jl — 

JL_ ( 8 (-a 2 + 6 2 )S (0,m 2 2± ,m 2 2± ) + 2(-(a 2 m 2 ) + &Wo 
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— 2a 2 m 2 ± + 2& 2 m 2 ± — 2a\m~±m~± — 2& 2 m~±m-± + a\i — b\i + 2a\u — 2b\u)Cl 



Xi x 2 

,2 



Xi ° Xi 

+ 2m-±(a?m-± — b\m~± + alm-i + 6im-±)(— 2m 2 .± + 2m~± — s — 2t)D 

Xi v ° Xi ° Xi ° X2 ° X2 ' v 1 x ■• 

+ 2(a 2 3 -b 2 )(-m 2 h0 + u)Cl 1 
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OI.2 2 ,222 1.2 22 221, 1.2 21 

26 3 m ho m-±m-± + a 3 m h0 m~± - b 3 m h0 m^± - a % m hn t + & 3 m hn t 



x 2 



3" 'Mr 



2a 3 mt±t + 2b 3 m~±t — 2a^m~±m-±t — 2b ?i m-±m-±t 



x 2 



^'"■Mr 



3 Xi 



+ 6 2 m 2 ±w + a 2 m 2 ±w - ^rnitu)^ 2 + 4(-a 2 + 6 2 )sC 2 n + 2(-(a 2 mf l0 ) + 6 2 



X 2 



X 2 



ni 



hJO 



- 2a 2 m;; m 2 ± + 2b 2 3 m 2 h0 m 2 ± + 2a 2 3 m 2 m m\± - 2b 2 3 m 2 h0 m 2 ± - 2a\m 2 m i 



Xi 



x 2 



x 2 



+ 2b 3 m 2 l0 i — Aa\m 2 ±i + Ab 2 m 2 ±i — Aa\m~±m~±i — Ab\m~±m^±i + dgiw — b\iii)D\~ 



+ 



bi)Cnn + 8(aom-± — br,m~± + 2anm~±m~± + 2b^m~±m </ ± + Gum~± — b^m~± — ad 

iJ uu v d Xi 3 Xi ^ Xi X 2 ^ Xi x 2 A x 2 3 x 2 3 



+ b 2 3 t - a 2 3 u + b 2 3 u)D 12 + 8(-a 2 + ^)m^(t + u)D 12 + 4(a 2 - ^)(-4m 2 + S)(m 2 + 
+ 2(a 2 - bDi-Sml + Am 2 m s - s 2 )D 12 + 2(-a 2 + 6 2 )(m 2 + t) 2 D%] 



+ 
+ 



a 3 



a 2 ,b 3 



b 2 ,m^ 



m xt 



+ 



a 3 



ai,b 3 -> h,m^± -> m-± 



m x^ m xt 



m xf 



(26) 



fi 



(1,8 f ermions) 



—N, 

N c 
e* 



2^2 



re 

2^ 



(V? r,18 , f 2 D 15 , >2 D 14 i t? n 
1^3^00 + Q 2 -^00 + St 1-^00 + ^3"^ 



e b> Stl ~ Sf>l> S*2 ~ ^ £fc2> £i~3 ~^ £fo3> m ?i 



m 5l ,m t - 2 -> m- b2 



(27) 



where 



^mn 



C m ,C mn (0,0,s,i) and D^, D\ 



mnl 



Dmn^m^Qi 0, 0, m^Q, t, s, z) are three-point and four-point Feynmann integrals, definitions 



for which can be found in Ref. ||15|| , and i represent the internal particles masses, which are 
given for i = 1 — 19 by 



( m l, m l, m l), ( m H±, m l, m l), ( m l, m 2 H± ,m 2 H± ), (m 2 , m 2 w , m 2 H± ), 
(m 2 H± ,m 2 H± ,m 2 w ), (m 2 H ±,m 2 H ±,m 2 H ±), (m 2 H± ,m 2 w} m 2 H± ), (m 2 w ,m 2 H± ,m 2 w 

/2 2 2\/2 2 2\/2 2 2\/2 2 2 \ 

(m f ,m f ,m f ), (m~±,m-±,m~±), (m~±,m~±,m.±), (m~±,m~±,m~±), 

v *' *' tJ,K Xi ' Xi ' Xi y ' v X 2 ' X 2 ' X 2 n V Xi ' Xi ' x 2 y ' 
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I 2 2 2 \ I 2 2 2 ^ / 2 2 2 \ / 2 2 2\ 

V X 2 ' X 2 ' Xi 7 ' v Xi ' X 2 ' X 2 7 ' v X 2 ' Xi ' Xi y ' v *l' *l' 'i 7 ' 

/ 2 2 2 \ / 2 2 2 \ / 2 2 2 \ /oo\ 

for C^, C l mn , and 

2 2 2 2 \ / 2 2 2 2 \ / 2 2 2 2 \ 

m w ,m w ,m w ,m w ), {m H ±,m H ±,m w ,mJ, (m w ,m w ,m H ±,m H ±), 

2 2 2 2 \ / 2 2 2 2 \ / 2 2 2 2 \ 

2 2 2 2\ / 2 2 2 2 \ / 2 2 2 2 \ 

" *' *' * 7 ' v xr' Xj ' Xi ' Xi y ' v x 2 ' x 2 ' x 2 ' x 2 y ' 

2 2 2 2 \ / 2 2 2 2\/2 2 2 2\ 

m~±, to-±, m~±, m-± ), (m-±, m-±, m~±, m~± ), (m-±, m-±, m~±,m~±), 

Xi ' Xi ' X 2 ' X 2 ; ' V X 2 ' X 2 ' Xi ' Xi ; ' V XT' x 2 ' x 2 ' x 2 ; ' 

m lf ' m lf ' m xf ' m x^ ' ( m l ' m i ' m l ' m l ) ' ( m l ' m l ' m l ' m l ) ' 

2 2 2 2 \ / 2 2 2 2 \ / 2 2 2 2 \ / 2 2 2 2 \ /on\ 
"\ > > ™i 2 > m t 2 ) > ( m ? 2 > m t 2 , m h > m ? X ) > ("^ > m t 2 > m ? 2 > m t 2 ) > K~ 2 > > m h , m h ) ( 29 ) 

for D l m , D l mn , D l mnl . And cii,bi(i = 1,2,3) in Eqs. ^6] are the coupling constants of the vertex 
— xf.2 ~ X?2> which are given by 

a i - y(( ( 5u + Qn) sin a - (S^ + S u ) cos a) 

6 1 = l -^((~Qii + Qn) sina + (S^ - S u ) cos a) 
^2 = ^{{Q*22 + Q22) sin a - (5*22 + S22) cos a) 

62 = -^((-Q*22 + Q22) sin a + - S22) cos a) 
a 3 = y((Q2i + Q12) sin a - (S^ + S 1 ^) cos a) 

h = ^((-Q*2i + Q12) sin a + (S^ - S l2 ) cos a), (30) 

where the details of the matrix Q and S can be found in Ref. ]3[]. In Eqs. ^ we only write 
down the contributions from the third generation sfermions, and N c is the number of colors, 
e t , e&, e T are the electric charge of the top quark, the bottom quark and the tau, respectively, 
the £fj(j — 1) 2, 3) are the coupling constants of the vertexes h — t — t, h — b — b, 

ho — f — f, respectively, which are given by (cf. Ref. || ) 



St3 Si 



t2 



igR'MRY (31) 
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with 



( mz ((l/ 2 )-(2/3)sin^ m )sin (a+/ 3) _ m|cos(a) ( _ ^ _ } \ 

cos ft,,. m»., sin ( /-> I zm*,, sin n V / 

a 

in,, sm/3 y 



m^, sin(/3) 2m^ sin /3 ' 

^K—A-A t COS « - fl Sin «) ^(2/3)sin 2 ^sin( a+/ 3) _ r^cosa 

„„ sin (i \ L ' / cos fl,,. m»„ sin n 



2m^ sin /3 



S61 Sfe3 



£&3 £i 



62 



igR b Ai{R b ) T 



with 



/ -m z ((l/2)-(l/3) sin 2 6> m ) sin(a+/3) . m 2 sin(a) 



+ 



m6 



;(y4bSino; + /icosa) 



cosf-u, 1 ma, cos(/3) 2m TO cos/3 

^(A b sina + /icosa) mz( - 1/3)sin > sin(a+/3) + 

■„ HIS 11 V ° ™ / COS # u 



2m m cos /3 



m» cos /3 / 



and 



Sfl Sf3 



V 1 



v cos 0„ 



/ 



-1/2 + sin 2 W ) sin(a + f3) 



V 



£f3 £f2 

The form factor is given by 











sin 2 9 W sm(a + (3) 



p{2) r(2,2HDM) . r(2,charginos) . r(2,sfermions) 

h — Ji +- j i t J i , 



with 



n 



(2,2HDM) 



fl 



(2,fermions) . p(2,bosons) 



Here the fi 



(2,fermions) A2,bosons) ^(2,charginos) 
! Jl 



and 



(2,sfermions) 



are 



(2,fermions) 



ft 

e 2 g 2 m 2 cos(a) 2 csc((3)' 
12m 2 „7r 2 



-2S (0, m 2 , m 2 ) + (m 2 - 2* - u)Cl + 2m 2 sL> 7 



+ (-4m 2 + s)C?-2(m 2 + *)C 2 9 

+ ( m ho ~ + sii)D 7 + m 2 h0 {m 2 h0 - + 2(-m 2 !0 - 8m 2 + 2t + u)£>o 
+ (-m 2 + t)(-m 2 + £)L> 7 2 - (-m 2 + i) 2 ^ + (m 2 - u)(m 2 h0 + u)D 7 22 

+ ( m to + m U - 3m 2 h0 u + iu)D 7 23 + 2m 2 (-m 2 + t)D 7 3 
e 2 g 2 ml sin(a) 2 sec(/9) 2 



+ 



48m 2 7r 2 



[m t -> m 6 ] , 
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r(2,bosons) _ 
Jl — 

°wX ( (_t " + 4)( °™ 1 " D °" l > + 2(m »° + a)iD " a ~ D " a) 

+ «„ " «)(!*,, " A,„s) + I g^ 5 ( 

2Dq (-2 cos sin(o; - ft) + m z cos(2/3) sin(o; + (3)) 2 

+ tti^Dq sin(a — /?)(— 12 cos^m 2 ^ sin(o; — (3) — cos9 w ssm(a — (3) 

+ 7 cos9 w t sin(ct — /3) + 7 cos ^-u sin (a — (3) — 2m w m z cos(2/3) sin(o; + /?)) 

+ 2D^(2 COS ^ m 2 Q sin ( a _ /3 )2 + 12 cos ^2 m 2 gin ( a _ ^2 

— 4cos6» 2 tsin(a - /3) 2 - 4cos6> 2 «sin(a - /3) 2 

+ 2 cos 9 w m w m z cos(2/9) sin(o; — /3) sin(o; + /3) + m 2 z cos(2(3) 2 sin(a + f3) 2 ) 
+ -Dq (cos 9 2 w vr? ha cos(o; — /3) 2 — 4 cos# 2 i cos(a — /5) 2 — 5 cos# 2 u cos(a — (3) 2 

— 2 cos 9 w m w m z cos(a — /3) sin(2/3) sin(o; + (3) + 2m 2 sin(2/9) 2 sin(o; + (3) 2 ) 
+ Z^q (3 cos^m^Q cos(o; — (3) 2 — 4cos# 2 t cos(a: — /3) 2 — 3 cos 9 2 w u cos(o; — 

— 2 cos 9 w m w m z cos(o; — /3) sin(2/9) sin(a + /3) + 2m 2 sin(2/9) 2 sin(o; + /3) 2 )) , 



(39) 



r{2,charginos) 
Jl 



e 2 



16tt 2 



(8(a 2 - ^)B o (0,m|±,m|±) + 2(a 2 - & 2 )(-m 2 + 2m 2 ± - 2m 2 ± + 2t + u)C { 
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+ 2m-±(-(a 2 m-±) + 6 2 m-± - a 2 m~± - 6 2 m-±)s^° 

+ 2(a 2 - 6 2 )(4m 2 - s)C? + 4(a 2 - 6 2 )(m 2 + t)C? + 2(a 2 - 6 2 )(-m 4 , 

2 2 , 2 2 , 2-i 2- 2 - ~ ~ \ nlO 

- m hO m x+ + m hO m ^ + m hO U + m xf U ~ m xf U ~ SU ) D 2 

i o/ 2 l2\/ 4 i 2 2 2 2 2 X 

+ 2 (a 3 - 6 3 ) (- m w) + m ho m xf ~ m w> m *± ~ m ^t 
+ ™>l±t + m 2 h0 u)Dl° + 4:{a 2 3 m 2 h0 - b\m 2 m 

+ 2a\m 2 ± — 2b 2 .m 2 ± + Aa\m~±m~± + Ab\m~±m~± + 2a 2 .m 2 ± — 2b\m 2 ± 

d Xi J Xi - 1 Xi X 2 d Xi x 2 d x 2 1:1 x 2 



- 2a 2 t + 2b\t - a\u + b 2 3 u)D™ + 2(a 2 - 6 2 )(m 2 - t)(-m 2 + u)D 



12 



-*22 



+ 2(a 2 - 6 2 )(m 2 - t) 2 !)^ + 2(a 2 - 6 2 )(-m 2 + u)(m 2 h0 + «)£>. 
+ 2(a 2 - b 2 3 )(-m 4 h0 - m 2 J + 3m 2 £ - tu)D™ + 4(a 2 - b 2 3 )m 2 h0 (m 2 h0 - t)D™) 
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+ a 3 -> a 2 ,6 3 



ai,6 3 



6 1; m- 2± 



+ 



m^±, m-± — > m-± 

A2 A2 Al 



(40) 



/i 



(2,sfermions) 



-N. 



2tt 2 



|V? nl6 , rf nl5 , nl4 , C? n 



6< — ► Cfo? Ctl — * S61) S*2 ~~ *■ £ft2' £i3 — £&3> m h 
~~* e ri ill — ► £fl> £i2 "~ > £f2> £?3 "~ ^ £f3> m ^ 



m fl ,m i2 



rrii 



(41) 



where C^, C^ n 



= C m ,C mn (mf l Q,0,i,i) 7 Cq = Co(0, m 2 , t, i) and D l m , D l mnJ D l mnl = 
D m , D mn , D mn i(0, mf l0 , 0, m^Q, u, t, i). Here and below, the definition of i is the same with 
the case of f[ X \ and their explicit expressions are given by Eqs. and Eqs. 
The form factors /{ and are given by 

fi 3) = A (4) 

,2„2 



e 2 g 2 m w m z B (0, m 2 , m 2 ) cos(a - (3) 



+ 



(— cos(2a) cos(a + 0) + 2 sin(2a) sin(a + /?)) 
3e 2 g 2 m w m z B (0, m 2 w , m 2 w ) cos(2a) sin(a — (3) sin(a + (3) 



32cos6 w TT 2 (m 2 1 — s) 



32 cos^7r 2 (— m^ + s 



(5) 

The form factor fi is given by 



/.(5) p(5,2H DM) p(5,charginos) n(5,sfermions) 

Jl = Jl + Jl + Jl ) 



(42) 



(43) 



with 



/i 



(5,2HDM) 



fi 



(5,fermions) . r(5,bosons) 



Here / x 



(5,fermions) n(5,bosons) n(5,charginos) 



fl 



fl 



and /i 



(5,sfermions) 



arc 



(5,fermions) 



(44) 



(— cos(2a) cos(a + /3) + 2 sin(2a) sin(a + f3))(e 2 g 2 m z ) ^ 

A% cos Q w m w n 2 (m 2 H — s) 
Am 2 csc((3) sin(a) -2S (0, m 2 , m 2 t ) - sC® - 2JCf + 8Cg + m 2 h sec(f3) cos(a) [m t 
ey^co S (2 a)s in( a + ff) ( 
lb cost) w m w ir z {— m m + s) v 

2£ (0, w 2 , m 2 ) + sC^ + 2sCf - 8C 9 ] - m\ sm(a)sec(P) [m t -> m 6 ]) , 



m 6 



(45) 



18 



(5, bosons) 



+ 6sCq - sC{ - 2sC\ - 8C 6 - 24C 6 ) + cos(2/3) cos(a + /3)("4Co - 4C 1 + 4C 6 )) 
3e 2 g 2 m z m w cos(2o;) sin(o: + (3) 



+ 



- 8C 6 - 24C3o) + cos(2/3) sin(a + /?)(m* C* + 4C 6 - AC],)) , 



(46) 



/ 



(5,charginos) 



e 2 7] 2 



, ., — (2a 5 m~±B (0,m 2 ±,m 2 ±) + a^m^sC^ 1 + 2a 5 m~±sC 2 n 

4-K z (m H — s) x ' 2 x 2 x 2 a 2 u x 2 



- 8a 5 m-±Coo) + (a 5 -> a^m^± -> m-± 
+ [?72 -> ?7i, a 5 — > a 2 , a 4 -> ai, mi -> m^o] , 



(47) 



j.(5,sfermions) 



2e 2 efr]i 



((CtiCoo + ^Coo) + 4^2(4^- |) (^^oo + ^Coo) 



4n 2 (m 2 h0 - 



*2 - ™f> 2 



+ 



e* -> e T , £ti -> £«, f« -»■ Cf2, Ct4 -»■ Cf4, &~ 5 -»■ ff5, m <x -»■ m n > m ? 2 > (48) 



where C l m1 C l mn = C m , C mn (0, 0, s, «), and 771,772 are coupling constants of the vertexes h — 
h — h and H — h — h , respectively, which are given by 

3igm z 



Vi = 



V2 



2 cos 9 l 
2 cos 0, 



■ cos(2a) sin(o; + (3) 
■(2 sin(2o;) sin(o; + (3) — cos(2a) cos(o; + (3)), 



(49) 



and a 4; a 5 are the coupling constants of the vertex H — xt,2 ~ Xi,2i which are given by 

%Q 

a 4 = - — ((Qn + Qu) cos a + (Sl-y + S n ) sin a) 
a 5 = ~r{{Q\ 2 + Q22) cosa + + 5*22) sin a). 



(50) 



And £fi, (i = 4, 5) are the coupling constants of the vertexes H — t — t, H — b — b and 

H — f — f, respectively, which are given by 



St4 St6 



Ct6 C 



t5 



{-ig)I?M#) 



t\T 



(51) 
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with 



Ar = 



( m z ((l/2)-(2/3) S in^ m )co S (a+/3) rn|sinH ^2h_(A t sill « - ^ COS «) ^ 
cos y„ in, sm(p) 2m„ sin p v <- r ' 



V 



(A t sin a -/i cos a) + ^ 

2m m sin p ^ 1 r / cosft m rrt^sin/} J 



^66 £&5 



(^)it%(if) 



6\T 



with 



( m z ((l/2)-(l/3) sin 2 6> m ) cos(a+/3) _ m| cos(a) 

cos W m w cos(/3) 2m m cos fi 

A h COS a + fi Sin «) ^(l/3)sin^cos( a+/ 3) _ n^fcosa 

,,. cos i V u ™ / 



and 



2m m cos /3 



Sf4 <Sf6 



cos 



A b cos a + //sin a) 

m 2 cos a 
m» cos /3 / 



V 



,igm 2 cos(o; + f3) 



( 



) 



£f6 £f5 

The form factor /j- 6 -* is given by 



cos Q.. 



1/2 - sin 2 0„ 






sin 2 6>„ 



\ 



A (6) = 



2^2 



-eg 
32tt 2 



(S (f, m 2 H ±, m 2 J cos(a - /3) 2 ) + B (t, m 2 w , m 2 J sin(a - (3) 2 ) 



(7) 

The form factor f[ is given by 



( 7 ) _ A7,2HDM) A7,sfermions) 



/r = n 



with 



j(J,2HDM) = e 2^ /(32cos ^ 2)( _ 4cos ^ + 4cos ^ So(0)m 2 m 2 ) 

+ cos fl 2 sC^ 1 + 4 cos # 2 sC* + 4C 6 (cos # 2 

+ sin 6> 2 cos(2o;) cos(2/3) — cos 6> 2 sin(2o;) sin(2/3)) 

+ 4C 1 (6 cos 9 2 w - sin # 2 cos(2a) cos(2/3) + cos # 2 sin(2a) sin(2/3)) 

+ Cq 1 (cos fl 2 m 2 , - 4 cos 6 2 J + m 2 , sin # 2 cos(2«) cos(2/3) 

- cos^ m 2 S in(2a) sin(2/3))), 
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j(7,sfermions) 



2^2 



ie e 
"2^ 



+ 



m fi , m t 2 -»• m - 



(59) 



where C l m , C % mn = C m , C mn (0, 0, s, i) and £?, (i = 1, 2) are the coupling constants of 

quadratic vertexes h — h — i — t, h — h — b — b, and h — h — f — f, respectively, which 
are given by 



\ 



tl s <3 



t\T 



with 



(60) 



4 



((l/2)-(2/3) sin 2 g^) cos(2a) 



mj cos a 
rri^ sin 2 /3 



(2/3)tan^cos(2a)-^j 



(61) 



with 



£<3 £<J \ 

Hi ^63 

tl tl 

\ %3 ^2 / 



l -^-R h Al{R b ) T 



( ((-l/2)+(l/3) sin 2 e w ) cos(2a) 
cos 2 6 W 



sin a 

m 2 , cos 2 /3 



V 



o 



-1/3) tan 2 9 W cos(2a) 



and 



ti t q ^ 

Sfl Sf3 



ti tq 

'f 3 Sf 



9 

f2 



2 



((-l/2)+sin 2 6^)cos(2a) 
cos 2 6 W 





— sin 2 6 W cos(2a) 



(62) 



(63) 



(64) 



The form factor f[ 8 ^ is given by 



n(8) _ r(8,2HDM) n(8,sfermions) 
Jl — Jl + Jl j 



(65) 



with 
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.,2HDM) 



e 2 9 2 



32 COS# 2 7T 2 

cos^ 2 sin(2o;) sin(2/3)) + B (s, m 2 H ±,m 2 H ±)(— cos 9, 
sin Q 2 W cos(2a) cos(2/3) + cos Q 2 W sin(2o;) sin(2 



(4 cos 9 2 w + B (s, m 2 w , m 2 J(-7 cos 6 2 w + sin 6 2 w cos(2a) cos(2/3) 



(66) 



r(8,sfermions) 
Jl 



ie 2 e 2 
8tt 2 



(e? 2J B (S, m|, m|) + e?5o(s, m\, m|)) 



e* -> e b , f ? -> Q 2 -> ^, ^ -> ^ , m 



*2 



m 



6 2 



The form factor /j- 9 -* is given by 



(67) 



^(9) _ A9,2HDM) r(9,sfermions) 
Jl — Jl + Jl 



(68) 



with 



fi 



(9,2HDM) 



e 2 g 2 m z m w 



32 cos^u,7r 2 (— m 2 H + s) 



4cos(o; — (3) — 2B (s, m 2 H ±, m 2 H ±) cos(a — (3) 



QB (s, ml, ml) cos(o; — /3) + 5 (s, m 2 H ±,m 2 H ±) cos(2/9) cos(o; + /3) 
B (s, ml, ml) cos(2/9) cos(o; + f3))(— (cos(2a) cos(o; + (3)) + 2 sin(2o;) sin(a + /3fj 
-- — — ^ — — - — — — — ------ (4sin(a: — (3) — 2B (s,m 2 H ±,m 2 H ±) sin(a - (3) 



3e 2 g 2 m z m w cos(2o;) sin(a + (3) 
32 cos# w 7r 2 (m 2 — s) 



- 6B (s,m w ,m w ) sin(o; - (3) + B (s,m H ±,m H ±) cos(2/3) sin(o; + (3) 



- B (s, m 2 w , m 2 w ) cos(2/3) sin(a + 



(69) 



r(9,sfermions) _ t>t 



2„2 



2r] 2 e e 



8ir 2 (m 2 H — s 



(s, m| , m|) + & 4 £o(s, m 2 x , m 2 



2^2 



+ 



2r/ie e 



^— (Ct 2 5 (s, m|, m|) + Cti^o(s, m|, m? 



-iv; 



l>2 



The form factor is given by 
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fM = e 2 g 2 cos(« - /3) 2 /(327r 2 )((m 2 - t)(Cf + Cl) + C 2 + 2C 3 ) 
+ eV sin(a - /3) 2 )/(327r 2 )((m 2 - t)(C\ + C, 1 ) + 3C*,) 
+ eV /(32 cos 6 2 w n 2 )(- cos 6 2 W B (0, ml, m 2 ) 
+ Cq sin(o; — (3) (— 3 cos d w m 2 w sin(o; — /3) 
+ cos^tsin(o; — (3) — m w m z cos(2/3) sin(o; + /?)) 
+ cos(a — (3)Cq(— (cos9 w m 2 H ± cos(a — (3)) 
+ cos ft^m 2 cos(a — f3) + cos cos(a — (3) 

— m w m z sin(2/9) sin(o; + 13))), 

where C l m , C l mn = C m , C mn (m 2 h0 , 0, i, i) and = C o (0, m^ , t, i). 
The form factor /i 11 ^ is given by 

A (11) = e 2 g 2 cos(a - ?) 2 / (32n 2 )((m 2 h0 - t)(C 2 + Cf ) + C7 2 + 2C 3 ) 
+ eV sin(a - /3) 2 )/(327r 2 )((m 2 - f)^ 1 + C') + 3Cgb) 
+ e 2 <? 2 /(32 cos ^tt 2 ) (- cos 2 S o (0, m 2 , m 2 ) 
+ Cq sin(o; — P) (— 3 cos ^m 2 sin(o; — (3) 
+ cos 6*^ sin (a — j3) — m w m z cos(2/9) sin(o; + (3)) 
+ cos(o; — P)C (— (cos9 w m 2 H ± cos(a — (3)) 
+ cos Q w m 2 w cos(o; — (3) + cos cos(o; — /3) 

— m w m z sin(2/3) sin(o; + /?))), 

where C^, C^ n = C m , C mn (m^ , 0, i, i) and = C o (0, m^ , t, i). 

(12) 

The form factor / x is given by 

,.(12) _ f (12,2HDM) Jl2,sfermions) 

J I — J I + Jl ) 

with 

f (i2,2HDM) = e2g2 cog(a _ p) 2/(32n 2 )(4B (m 2 h0 , m 2 H± ,m 2 w ) - 2(t + u)C? 
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+ (8m 2 h0 - s)Cf + TsCl + TsCl 



' 2Coo) 



+ e 



+ e 2 g 2 sin(a - (3) 2 )/(32n 2 )(4B (m 2 h0 , m 2 w , m 2 J + (4m 2 + s)Cl + AsCl 
;V /(16 cos 9 2 w n 2 ) (-C$(-2 cos 6 w m w sin(a - (3) 

a + (3)) 2 ) + Cl (5 cos 6 2 w m 2 m sin(a - /3) 2 



-{■Li: sin 



+ m z cos 

- 10 cos 2 w m 2 w sin(a - (3) [ 



I 2 - 2 cos 6 2 w s sin (a - 



m 2 cos (2/?) 2 sin (a + (3) 2 ) + C , Q(4cos6 |2 m 2 l0 cos(a 

9 w m w m z cos(« — /3) sini 



2 — (2/3) ; 

# 2 s cos(« — P) 2 + 2 cos 9 w m w m z cos(a 

^± cos (a 



• cos 9 W . 



Co(4cos6 |2 m 2 l0 cos(« - (3) 2 

v{2(3) sin(a + (3) 



• 2 sin(2/3) : 



2 sin(o; + 

t — /: 

cos 6^,s cos(a — (3) 2 + 2 cos 6 w m w 



+ cos Q 2 w m 2 m cos(a: — /?)' 



/3) 2 ) + C 7 (cosCmi ± 

# 2 m 2 w cos (a - /3) 2 



) cos 6 w 'iit,. ir 

cos(a — /5) sin (2/3) sin(o; 



+ 0) 



•m 2 sin(2/3) 2 sin(a + /3) 2 )), 



/i 



(12 ,s j 'ermions) 



e 2 e 2 



4tt 2 



t ( c 2 ^18 _|_ t 2 ^17 _|_ f 2 >ol6 , c 2 n 19 
J ^St3°0 "+" S(2°0 "+" ?tl°0 "+" ?i~3°0 



l>2 



+ 



where C^, C^„ = C m , C mn (m^ , m 2 , s, i). 



APPENDIX B 



The form factor is given by 



r(l) n(l,2HDM) n(l,charginos) n(l,sf ermions) 

J 2 — J 2 + J 2 + J 2 j 



with 



r(l,2HDM) r(l,f ermions) . r(l,bosons) 

J 2 — J 2 ' J2 



Jjgpg j?(l,f ermions) j.(l,bosons) j(l,charginos) g^^j j.(l,sf ermions) 
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(ljermions) 



f: 

e 2 g 2 m 2 cos(a) 2 csc((3)' 
6m?„7r 2 



-8rrt; Dl - A(m 2 h0 + 8m;)D[ - (lQmf + s + 2t)D 7 2 



- AD 7 - 4(m 2 + Am 2 )(D 7 u + D 7 13 ) + 2(-4m 2 - 16m 2 - t + u)D 7 2 - (8m 2 + s + 2t)D 7 22 
, eym 2 sin(a) 2 S ec(/3) 2 



24m 2 7r 2 



(78) 



(1, bosons) 



/ 2 



e g cos(a g) / 1fl n4 ifins .ion 4 - + 6/) 4 



002 



16^02 



+ (3m 2 + 2t + «)(D* n + 3Z>* 13 ) + 4(-4m 2 + s)(D 5 lu + 3D 5 U3 ) + 2(4m 2 + 4* + u){D\ 12 + D 4 23 ) 

- 8(3m 2 + 2t + u){D\ 12 + D 5 123 ) + (7m 2 + lOt + u)L>? 22 - 4(6m 2 + 5t 

e 2 g 2 sin(a — f3) 2 



+ u)D\ 22 + (m 2 + 2t)D\ 22 - 4(m 2 + t)D\ 22 ) + 



167T 2 



(-6^ - 20D 1 01 - 10£& 2 



+ (-13m 2 + 4s + 2t + «)( J D 1 1 11 + 3L>i 13 ) - 2(8m 2 + At + ?>u){D\ 12 + -Dj 23 ) 



- (17m 2 + m + Su)Dl 22 - (3m 2 + 2t)D\ 22 ) - 



eVC, 1 
8tt 2 



+ 



eV 



8 cos# 2 7r 2 



-2 cos 9 w m w sin(o; — /3) 



+ m z cos(2/3) sin(a + (3)f (D 6 + AD\ + 2D\ + 2L>^ + AD\ 2 + 2£>? 3 + D% 2 ) 



+ 



e 2 g 2 



(2D\ (-5 cos 9lm 2 h0 sin(a - /3) 2 + 48 cos 6> 2 m 2 sin(a - (3f 



32 COS # 2 7T 2 

-11 cos# 2 tsin(a - (3) 2 - 8 cos# 2 wsin(a - /3) 2 + 4m 2 cos(2/3) 2 sin(a + /?) 2 ) 
+ -Dq(48 cos^m^ sin(o; — f3) 2 — 7cos# 2 tsin(a — (3) 2 — 8 cos 6* 2 wsin(a — f3) 2 

— 6 cos9 w m w m z cos(2/9) sin(o; — /3) sin(a; + (3) + 4m 2 cos(2/3) 2 sin(o; + (3) 2 ) 

+ 4D} 2 (-(cos6> 2 m^ sin(a - j3) 2 ) + 48 cos 6> 2 m 2 sin(a - /5) 2 - 21 cos0 2 £sin(a - f3) 2 

— 17 cos Q 2 w u sin(o; — (3) 2 + 6 cos 6 w m w m z cos(2/9) sin(a — /?) sin(o; + (3) + 4m 2 cos(2/3) 2 sin(o; + 
+ -^22( — 16 cos Q 2 w vr? h Q sin(o; — /3) 2 + 48 cos# 2 m 2 sin(o; — f3) 2 + 8 cos6> 2 s sin(o; — /5) 2 

— 15 cos 6 2 w i sin(a — (3) 2 — 8 cos 6 2 w u sin(o; — /3) 2 + 6 cos 6 w m w m z cos(2/9) sin(o; — (3) sin(o; + (3) 
+ 4m 2 cos(2/3) 2 sin(a + (3) 2 ) + 2(D 1 1 1 + Dj 3 ) (-34 cos ^ 2 m^ sin(a - (3) 2 

+ 48 cos 6» 2 m 2 sin(a - /3) 2 + 16 cos d 2 w s sin(a - (3) 2 - 3 cos 6» 2 1 sin(a - /3) 2 - 2 cos 6» 2 u sin(a - /3) 2 

+ 6 cos 6 w m w m z cos(2/9) sin(o; — (3) sin(o; + /3) + 4m 2 cos(2/3) 2 sin(o; + /5) 2 ) 

+ 2D} (-49 cos 9 2 w m 2 sin(a - /3) 2 + 96 cos 6 2 w m 2 w sin(a - /3) 2 + 20 cos 6 2 w s sin(a - /5) 2 
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+ cos 9 2 w u sin(a - f3) 2 + 8m 2 cos(2/3) 2 sin(a + f3) 2 ) 

+ S(D 5 U + ^13) (-12 cos 9 2 w m 2 hQ cos(a - f3) 2 + 4 cos 2 s cos(« - /T) 2 

— 2 cos 8 w m w m z cos(a — /3) sm(2/9) sin(o; + (3) + m 2 sin(2/3) 2 sin(o; + /3) 2 ) 

+ 16D^ 2 (— 4 cos 9 2 w m 2 m cos(a — f3) 2 — 5 cos 9 2 w i cos(a — (3) 2 — 3 cos 9 2 w u cos(o; — (3) 2 

— 2 cos 6 w m w m z cos(« — (3) sin(2/3) sin(o; + (3) + m 2 z sin(2/3) 2 sin(a + /3) 2 ) 

+ 4Z^22( — 4 cos 9 2 w m^Q cos(a — /9) 2 — 6 cos # 2 1 cos(a — /3) 2 — 2 cos6* 2 w cos(a — f3) 2 

— 2 cos 9 w m w m z cos(a; — /3) sin(2/3) sin(o; + (3) + m 2 sin(2/3) 2 sin(o; + /3) 2 ) 

+ 8-D2( — ( cos @w m ho cos(a — /?) 2 ) — 3 cos 9 2 w 1 cos(o; — (3) 2 — 2 cos# 2 u cos(a; — /3) 2 

— 2 cos 6 w m w m z cos(a; — /3) sin(2/3) sin(a; + f3) + m 2 sin(2/9) 2 sin(a + /9) 2 ) 

+ 4Dg(— 2 cos 9 2 w t cos(a — (3) 2 — 2 cos cos (a — /5) 2 — 2 cos 6 w m w m z cos(o; — /3) sin(2/5) sin(o; + (3) 
+ m 2 sin(2/3) 2 sin(a + /3) 2 ) + 8^(-12 cos 6 2 w m 2 h0 cos(a - /3) 2 

+ 5 cos 9 2 w s cos(« - I3) 2 - 4 cos 6 w m w m z cos(a - /3) sin(2/3) sin(o; + /3) + 2m 2 sin(2/3) 2 sin(o; + /5) 2 ) 
+ Dq(— 11 cos9 2 v m 2 H ± cos(o; — /3) 2 + 11 cos^m^ cos(a — /5) 2 + cos# 2 t cos(a: — f3) 2 

— 14 cos O w m w m z cos(o; — /3) sin(2/9) sin(o; + (3) + 4m 2 sin(2/9) 2 sin(a + /9) 2 ) 

+ 2/^2 (—3 cos 9 2 w m 1 H ± cos(a: — /9) 2 — cos 6> 2 m 2 cos(o; — /9) 2 + 3 cos 9 2 w m 2 w cos(o; — (3) 2 

+ cos # 2 1 cos(o; — f3) 2 — 8 cos 6 w m w m z cos(o; — /3) 3111(2/3) sin(o; + (3) 

+ 4m 2 sin(2 / 9) 2 sin(o; + f3) 2 ) + D2 2 (cos9 2 v m 2 H ± cos(a — (3) 2 — cos 9 2 v m 2 u cos(o; — f3) 2 

+ 8 cos O^s cos(o; — /9) 2 + 9 cos 9 2 w i cos(a — (3) 2 — 2 cos 6 w m w m z cos(a — /3) sin(2/9) sin(o; + (3) 

+ 4m 2 sin(2/3) 2 sin(a + /3) 2 ) + AD{ 2 (cos 9 2 v m 2 H ± cos(o; — (3) 2 

+ 15 cos 9 2 w m 2 m cos(a — (3) 2 — cos 9 2 w vr? w cos(a — /3) 2 — cos 9 2 w i cos(o; — (3) 2 

— 5 cos ^ 2 u cos(a — /3) 2 — 2 cos 9 w m w m z cos(o; — /?) sin(2/9) sin(o; + /3) + 4m 2 sin(2 / 9) 2 sin(o; + (3) 2 ) 
+ 2(1^^ + D^ 3 ) (cos 9 2 v m 2 H ± cos(a: — /9) 2 + 14 cos Q 2 W m 2 m cos(a — j3) 2 — cos 6 12 m 2 cos(o; — f3) 2 

— 3 cos 9 2 w i cos(a — j3) 2 — 2 cos cos(o; — f3) 2 — 2 cos 9 w m w m z cos(a — (3) sin(2/3) sin(o; + (3) 
+ 4m 2 sin(2/3) 2 sin(a + /3) 2 ) + 2£>?(-6 cos ^ 2 m|± cos(a - /3) 2 
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— cos O^ttiIq cos(a — f3) 2 + 6 cos Q 2 w vr? w cos(« — (3) 2 + cos Q 2 w u cos(a — (3) 2 

— 16 cos 9 w m w m z cos(o; — (3) sin(2/3) sin(o; + (3) + 8m 2 sin(2 / 9) 2 sin(o; + (3) 2 



(l,charginos) 
2 



2tt 2 



(4m-±(a>-± - 6^m-± + a^m-± + blm^±)D 12 



+ 4 ( a 3 m M) - b 3 m h0 + 3a 3 m |± - 3& 3 m J± + Aa 3 m xt m xf + 4& 3 m X ± m X ± + a 3 m lf ~ & 3 m |± 



+ (6aom-± — 66om-± + 8aom~±m~± + 8b^m-±m-± + 2a % m~± — 2b % m~± + a q s — 60S 

v J Xi 15 Xl J Xi X2 J Xi X2 ^ X2 J X2 J J 

+ 2a*t - 2& 2 .£)L> 2 12 + 4(a 2 - b 2 3 )D 12 + 4(a>^ - b\m 2 m + a>|± - b\m\± + 2 a 2m-±m-± 



Xi X2 



+ 26^m-±m-± + a^m"± - b\m\±)D X2 x 



Xi x 2 



XJ 



x 2 



f 2(4a 2 m 2 - Ab\m 2 m + Aa\m\± - Ab\m\± + 8a 2 m-±m-± 



Xi 

+ 863m -±m-± + 4a 2 ; m 2 . ± — Ablmi± + ap — b\i — a\u + b\ «)-D]f 



x 2 



x 2 



i/l/22 r,2 2,22 7 2 2 1 o 2 , o!,2 ,2 2 t2 2 \ n 



+ (2aom-± — 26om-± + 4aom-±m-± + 46om^-±m-± + 2a\m 2 ± — 2b\m 2 ± 

v d Xi 6 Xi d Xi X2 d Xi X2 d x 2 d x 2 

+ 



+ ap 



- ftp + 2a 2 t - 2^*)D^) 



+ 



a 3 



a 3 — >■ a 2 , 63 — > &2, ->■ 



+ 



m xf 



m xf 



(1 ,s f ermions) 

e 2 e 2 



-N r . 



2tt 2 



(t&( D l & + AD 1 , 8 + 2Dl 8 + + AD™ + 2D 



+ D 18 ) + $3(18 - 15) + 4(18 - 14) + 4(18 - 19)) 



e t — > e 6i Stl — > St2 ~^ £b2> St3 ~ ^ £&3> m t 



' '"'2 m fe 2 

ro?, 



where C^, C^„ = C m , C mn (0, 0, s, i) and = D x (m 2 h0 , 0, 0, m| , t, s, i) 
The form factor is given by 



r{2) n(2,2HDM) n(2,charginos) n(2,sf ermions) 

J 2 — J 2 + J 2 + J 2 1 



with 
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r(2,2HDM) _ r(2Jermions) A2,bosons) 
32 — J 2 + J2 



(82) 



JJgPg r(2,fermions) n(2,bosons) A2,charginos) n(2,sfermions) 



(2,fermions) 



e 2 g 2 m 2 cos(a) 2 csc(/3y 
6m 2 7r 2 



2C 9 - (8m t 2 + s)D 2 7 



- 8m^ 3 7 - 4L> 7 + (t - u)(D 7 12 + D 7 3 ) - (8m 2 + s + 2u)D 7 22 

+ (-4m 2 - 16m 2 + t - u)D 7 23 - 2(m 2 + 4m t 2 )L> 7 3 
eVm 2 sin(a) 2 S ec(/3) 2 



+ 



24m 2 ) 7r 2 



[m t -> m 6 ] , 



(83) 



(2, bosons) 



(4C 5 - 4C 2 + 4C 3 + 2(-t + u)D\ 



/ 2 

e 2 ^ 2 cos(o; — 
16^2 

- 4C 2 + 4C 3 + 4L> 2 + 4L> 3 + (-* + u) (D 2 12 + D\ 2 + D 2 l3 + D 3 13 ) + 8(L> 2 02 - L> 3 02 + L> 2 03 - L> 3 03 ) 

+ {-t + u){D 2 l22 - D\ 22 + 2D 2 23 - 2L> 3 23 + L> 2 33 - D\ 33 ) + 2(m 2 + u){D 2 222 - D 3 222 ) 

+ (6m 2 + t + 5u)(D 2 223 - D 3 223 ) + 2(3m 2 + t + 2u){D 2 233 - D 233 ) + (4m 2 - s)(L> 2 33 - L> 3 33 ) 



+ 



+ 



e 2 g 2 sin(o; — /3) 2 



8tt 2 



(2C] + (-t + «)(£>} + D\ 2 + £>i 3 ) + 4£&) 



2 9 



e 5 



16 cos # 2 



— (2(-2 cos6 w m w sin(a - f3)+m z cos(2/3) sin(a + /3)) 2 (£> 2 + D e 3 + D% 2 + 2D\ 3 + £>fg) 



+ 2Dq sin(o; — (3) (3 cos 6 w rn^Q sin (a — /3) — 2 cos sin(o; — (3) 

— cos ^-u sin(o; — (3) + 2m w m z cos(2/3) sin(o; + /5)) 

+ 2 cos(a — /5)-Dg (3 cos w m\ cos(a — /3) — 2 cos cos(o; — (3) 

— cos $mti cos(o; — (3) + 2m w m z sin(2/3) sin(o; + /5)) 

+ 2L> 2 (4 cos 6» 2 mj; sin(a - /3) 2 + 12 cos 6> 2 m^ sin(a - /5) 2 

— 4 cos 6> 2 1 sin(a — (3) 2 + 2 cos 6 w m w m z cos(2/5) sin(o; — (3) sin(a + /3) 
+ m 2 cos(2/5) 2 sin(a + /3) 2 ) + 2D l 33 (A cos 6 2 w m 2 sin(a - (3) 2 

+ 12 cos # 2 m 2 sin(o; — /5) 2 — 3 cos Q 2 W i sin(a — (3) 2 — 3 cos Q 2 w u sin(o; — /5) 2 
+ 2 cos 6 w m w m z cos(2/3) sin(o; — /3) sin(o; + (3) + m 2 z cos(2/9) 2 sin(o; + (3) 2 ) 
+ 2D 22 (4 cos 6> 2 m^ sin (a - f3) 2 + 12 cos ^m 2 sin(a - (3) 2 - 4 cos 9 2 w i sin (a - /3) 2 
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— 2 cos Q 2 w u sin(o; — (3) 2 + 2 cos 9 w m w m z cos(2/5) sin(o; — /3) sin(o; + (3) + m 2 z cos(2/3) 2 sin(o; + (3) 2 ) 
+ 2D^ (6 cos e 2 w m 2 h0 sin(a - /3) 2 + 12 cos # 2 m 2 , sin(a - (3f - 4 cos # 2 1 sin(a - /3) 2 

— 2 cos 2 m sin(a — f3) 2 + 2 cos 9 w m w m z cos(2/9) sin(o; — /3) sin(o; + (3) + m 2 cos(2/9) 2 sin(o; + /5) 2 ) 

+ L>23( 6 cos °l m lo sin ( a ~ ft? + 48 cos 9 w m lo sin (« ~ I 3 ) 2 + 5 cos O sin ( a ~~ /^) 2 

— 9 cos Q 2 w i sin(a — (3) 2 — 5 cos # 2 u sin(o; — /5) 2 + 8 cos 6 w m w m z cos(2/9) sin(o; — (3) sin(o; + /3) 

+ 4m 2 cos(2/3) 2 sin(a + (3) 2 ) + (£>£ + L> 2 ) (-4 cos 6 2 w m 2 H ± cos(a - (3) 2 

— cos # 2 m 2 cos(o; — /3) 2 + 4 cos # 2 cos(o; — (3) 2 + cos cos(o; — (3) 2 

— 6 cos 6 w m w m z cos(o; — /3) sin(2/3) sin(a; + /3) + 2m 2 sin(2/3) 2 sin(o; + /3) 2 ) 

+ Dl 3 (5 cos # 2 m^Q cos(a — /3) 2 — 5 cos Q 2 w i cos(o; — /3) 2 — 4 cos # 2 -u cos(o; — (3) 2 

— 2 cos 6 w m w m z cos(o; — /3) sin(2/3) sin(a; + /3) + 2m 2 sin(2/3) 2 sin(o; + /3) 2 ) 

+ Dl 2 (7 cos 9l,m 2 h0 cos(a - (3) 2 - 4 cos 9 2 w i cos (a - (3) 2 - 3 cos 6 2 w u cos(« - /3) 2 

— 2 cos 6 w m w m z cos(a — /3) sin(2/3) sin(o; + (3) + 2m 2 sin(2/9) 2 sin(o; + /3) 2 ) 
+ -D 2 3 (3 cos # 2 mj; cos(a — /?) 2 — cos Q 2 w t cos(a — (3) 2 — 2 cos # 2 u cos(a — (3) 2 

— 2 cos 6 w m w m z cos(a — (3) sin(2/9) sin(a + /3) + 2m 2 sin(2/3) 2 sin(o; + (3) 2 ) 
+ Z?22( cos @w m ho c os(a — f3) 2 — 4 cos d 2 w t cos(o; — /5) 2 — cos Q 2 W u cos(a — (3) 2 

— 2 cos 6 w m w m z cos(a — /3) sin(2/9) sin(a + (3) + 2m 2 sin(2/9) 2 sin(o; + /9) 2 ) 

+ .03(13 cos 9l,m 2 m cos(a — (3) 2 — 8 cos 6> 2 1 cos(a — (3) 2 — 5 cos Q 2 W u cos(o; — (3) 2 
+ 2 cos 9 w m w m z cos(a — /3) sin(2/5) sin(o; + (3) + 2m 2 sin(2/5) 2 sin(o; + /9) 2 ) 
+ £*2 (9 cos @w m 1o cos(o; — /3) 2 — 8 cos Q 2 W i cos(o; — (3) 2 — cos Q 2 w u cos(o; — /9) 2 
+ 2 cos 8 w m w m z cos(a — /3) sin(2/5) sin(o; + /3) + 2m 2 sin(2/5) 2 sin(o; + (3) 2 ) 

+ ^23(5 cos 9ljS cos(q; — (3) 2 — 4 cos 6 w m w m z cos(a — /3) sin(2/9) sin(o; + /3) + 4m 2 sin(2/5) 2 sin(o; + 
+ ^23(6 cos 9 2 w m 2 m cos(a - f3) 2 - 9cos^ 2 £cos(a - /?) 2 - 5cos# 2 -ucos(a: - (3) 2 

— 4 cos 6 w m w m z cos(o; — (3) sin(2/3) sin(a + /3) + 4m 2 sin(2/9) 2 sin(a + /3) 2 )) , 

r(2,charginos) _ 
J2 — 
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2vr 2 



( (Aa\m 2 ± — Ab\m 2 ± + Aa\m~±m~± + Ab\m~±m~± + a\s — b\s)D\° 
V v 6 Xi d Xi d Xi X2 d Xi X2 J 



+ 4m-±(a>,± - 6 2 m-± + a^m-± + &X±)£>3 + (a 2 - $(-2C ld + AD™ + (-t + u){D 



Xi 



Xi 



x 2 



x 2 



,10 

12 



+ -Di3))(2a 2 m 2 ± — 263m 2 - ± + 4a 2 m~±m~± + Ab\m~±m~± + 2a 2 m 2 -± — 25 2 m 2 ± + a\s — b\s 

Xi Xi Xi X2 Xi X2 X2 X2 



+ 2a 2 -u - 2b\u)Dll + (4a 2 mj; - 46 2 m 2 + 4a 2 m 2 ± - 4& 2 m 2 ± + 8a 2 m-±m-± 

X 1 Xi X 1 X 2 

+ 8& 2 m~±m~± + 4a 2 m 2 ± — Ab\m 2 ± — a 2 t + 5 2 t + a\u — b\u)D 



Xi x 2 



x 2 



x 2 



10 

23 



+ 2 (°3 m L - & 3 m M) + a l m \f ~ h l m \f + 2a 3 m xf m x 2 ± + 2b l m xf m xt + °3 m x^ ~ & 3 m x ±)^33) 



+ 
+ 



a 3 ->• a 2 , 63 ->• fe 2 , -> m-± 



+ 



a 3 



ai,6 3 -> b!,m~± -> m-± 



m xf - >m ^'" l x 2 ± 



m xf 



(85) 



(2,sfermions) 



e 2 e 2 



2tt 2 



-iV c 

^ (16 - 15) - 4(16 - 14) - 4(16 - 17) 



33 J 



-iV, 



e b, Ctl ~ £bl> £t2 ~ ^62' £t3 — *■ £b3> m ti — * m fei ' m t2 ~ * m fe 2 



e r, £fi £fl, £t2 —> £f2, Ct3 ~^ £f3, 



m fi: m {2 



m 



T2 



(86) 



where D^, D^, -D mriZ 



-Dm, D mn , D mn i(0, itlIq, 0, m^g, u, t, i), C l m) C l mn 
C m ,C mn (m 2 hQ ,0,i,i) and C l = C (0,m 2 h0 ,i,i). 
The form factor f 2 10 ^ is given by 

ff 0) = eVC0 3 S 2 ( ^2~^ 2 " Ct + QCf + 6C 3 + C 2 U + 2C& + 2C 2 12 + 4Q 3 2 + C 2 22 + 2Cl 2 ) 
+ ^^r^ (<* + 2C? + 2^ + C\ x + 2^ 2 + Ci) , 



32tt 2 

where C^, C l mn = C m , C mn (m 2 hQ , 0, i, i) and = C o (0, m^ , t, i). 
The form factor / 2 n ^ is given by 
(11) _ eV cos(a - p) 2 



(87) 



+ 



32tt 2 
3e 2 5f 2 sin(a - f3f 

32T 2 



ACl - C 4 + QC\ + 6C 2 3 + C 2 U + 2C 3 ! + 2C\ 2 + 4C 3 2 + C 2 2 2 + 2C 3 2 ) 
(C\ + 2C\ + 2C, 1 + + 2C\ 2 + C, 1 ,) , (88) 



where C l m , C l mn = C m , C mn (m 2 , 0, i, i) and C l = C (0, m| , i, i) 
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The form factor is given by 

fT = tl^fH (_ 4C ; - 4cf - c?0 - (4Ci! _ 4C ; 



where C^, C^ n = C m , C mn (m^ , m^ , s, i). 



APPENDIX C 



The form factor is given by 



+ 



ie 2 a 3 b 3 m^±m^±Dl 2 



7T^ 



+ 



a 3 -> a 2 , 6 3 -> &2, -> 



a 3 -> ai, 63 -> h, m~± ->• m~± 



+ 



m xf - >m x 2 ± ' m ^ ~" m xf 



where -Dq = D (m 2 h0 , 0, 0, m^ , t, s, i). 
The form factor / 3 is given by 

ie 2 a 3 b 3 m-±m-±D^ 



f: 



(2) 



Xi x 2 

7T 2 



+ 



m x? 



+ 



a 3 



a 2 , b 3 — > b 2 ,m ji ± -> m^± 



+ 



a 3 



ai,6 3 -> b 1} m^± 



where D l = -D (0, m^ , 0, m^ , -u, t, i). 



(5) 

The form factor / 3 is given by 

f(5) _ 
J3 — 



-ie 2 r/ 2 (6 5 m^±C 11 + 6 4 m-±C 10 ) ( -le^M^iCS 1 + ^m^Cg ) 
2-K 2 {m 2 H — s) 



+ 



where Cq = C (0, 0, s, i). 
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FIG. 1. Feynman diagrams for the precess 77 — ► hoho, where the solid line, wavy line, dashed line 
and dotted line represent the fermions (the top and the bottom quark as well as the charginos) , the 
gauge bosons(the photon and the W ± boson), the scalars (the charged Higgs bosons, the charged 
Goldstone bosons, the squarks and the sleptons) and the charged ghosts, respectively. 
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FIG. 2. Same with Figure 
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FIG. 5. Same with Figure || 
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FIG. 6. The cross sections for the process 77 — ► h^h® as a function of the lightest Higgs 
boson mass for the opposite photon helicities Ai = — A2 = 1 at y/i = 500, 1000, 1500GeF and 
tan P = 4. The numbers on the curves are the phton-photon center-of-mass energyv 7 !. The dotted 
lines represent the cross sections of the process in the 2HDM and the dotted lines - in the MSSM 
with the A t = ficot/3 and = ntan(3 (there does not exist mixing between the stops, we label 
it no — mixing), the solid lines - in the MSSM with the stops mixing (we label it mixing). We 
have taken mj~ = = m 2 ^ = (ITeV) 2 , and when the stops exist mixing, we choose the value of 
A t which make the mass of the lighter stop equal to 50GeV. The other relevant SUSY parameters 
are M = WOGeV and u = -300Gey. 
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FIG. 9. The cross sections for the process 77 — ► Zio^o as a function of the lightest Higgs boson 
mass for the opposite photon helicities Ai = — A2 = 1 at vl = 500, 1000, 1500GeF and tan (3 = 40, 
the other parameters are the same with Figure |6|. 
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FIG. 11. The total cross sections for the process e + e~ — > 77 —* h^ho as a function of the 
lightest Higgs boson mass for the beamstrahlung photons at y/s = 500, 1000 and 1500GeU, where 
tan (3 = 4 and the other SUSY parameters are the same with Figure |6|. The numbers on the curves 
are the e + e~ CMS energy. 
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FIG. 13. Same with Figure 11 but for laser back scattering photons. 
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